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Yavuz Ozdemir*, Mehmet Levhi Akin, Ilker Sucullu, Ahmet Ziya Balta, Ergun Yucel course and clinical outcome in colorectal cancer patients are influenced by not only oncological characteristics of the tumor itself but also host response factors (Shin et al., 2012; Li et al., 2013) . Many biomarkers have been studied as supplementary tools for further classification of the patients into the subgroups based on the current TNM staging system. Beside many other factors, the host immune system also plays an important role in cancer progression. Systemic inflammation, which was thought as secondary to tumor hypoxia or necrosis and related to anti-apoptosis also shows similar ability, although the exact reasons remains unclear (Hung et al., 2011; He et al., 2013) . Many cancers arise from sites of infection, chronic irritation, and inflammation. It is now becoming clear that the tumor microenvironment, which is largely orchestrated by inflammatory cells, is an essential participant in the neoplastic process, promoting proliferation, survival, and migration. For this reason many studies have been focused on the evidence of the role of inflammation in carcinogenesis recently (Waldner et al., 2006 , Roxburgh et al., 2010 Unal et al., 2013) . Generally, studies described that lymphopenia means an impaired cell-mediated immunity, while neutrophilia is linked response to systemic inflammation (Zahorec et al., 2001) . Therefore neutrophil lymphocyte ratio (NLR) has been used not only as a marker of inflammation but also as a prognostic index for several types of malignancies (Halazun et al., 2008; Cho et al., 2009; Cedres et al., 2012) . Therefore, the aim of this study was to assess the prognostic value of pretreatment neutrophil-to-lymphocyte ratio (NLR) in predicting survival in patients with colorectal cancer.
Materials and Methods
A total of 496 colorectal cancer patients treated in our surgical clinic between January 1991 and December 2012 were enrolled. Data was obtained from a CRC database and medical records of the patients. Clinical information and follow-up were obtained from hospital charts and electronic records. Patients who received neo-adjuvant therapy or underwent palliative resection, pathological diagnosis other than adenocarcinoma, patients with inflammatory bowel disease and patients who had insufficient laboratory results were excluded. The remaining 281 patients were included in our retrospective analysis.
Adjuvant chemotherapy was given according to the lymph node involvement. Patients with node negative tumors did not receive chemotherapy. Patients showing poor prognostic indicators such as vascular invasion, perineural invasion and preoperative high levels of CEA were received 5-Fluorouracil based chemotherapy regardless of their nodal status.
Tumors located from the cecum to the splenic flexure were defined as right-sided cancers, and tumors located from the splenic flexure to the sigmoid colon were defined as left-sided cancers. Tumors originating from the recto sigmoid junction or rectum were defined as rectal cancers. Patients were staged using the 7 th edition of the American Joint Committee on Cancer (AJCC) TNM staging system.
Patients' data including age, gender, vertical penetration, anatomic location, and differentiation of the tumor, TNM stage, survival rate, and disease-free survival were analyzed to find out if there is any correlation with the NLR.
NLR was calculated on the basis of preoperative blood sample analysis using the white blood cell (WBC) differentiated counts. NLR was defined as the absolute neutrophil count divided by absolute lymphocyte count. We used receiver-operating characteristic (ROC) curve for the determination of appropriate cut-off value of the NLR, which affects long-term survival in all stages.
Results
Among 281 patients, there were 167 (59.4%) men and 114 (40.6%) women. The mean age of the patients was 68±13.2 years. The tumors were located at the right colon in 72 patients (25.6%), at the left colon in 112 patients (39.9%) and at rectum in 97 patients (34.5%). With regard to differentiation most of tumors were moderately differentiated (74%). Median number of harvested lymph node was 11 (range 1 to 64) and total number of harvested lymph nodes was less than 12 in more than half of the patients (144 patients, 51.2%). Median follow up was 38.5 months (range 1 to 148 months) and 134 (47.7%) patients were died by their most recent follow up visit. Median NLR was 3.1 (range 0 to 33.9). The AJCC tumor stage was defined as stage I in 46 (16.4%) patients, stage II in 101 (35.9%) patients, stage III in 79 (28.1%) patients, and stage IV in 55 (19.6%) patients.
By using ROC curve analysis, we determined a cut-off value of 2.2 for NLR to be best to discriminate between patients' survival in the whole group. Clinical and pathological features according to NLR groups were summarized in Table 1 . (Table 2 ). Figure 1 shows the Kaplan Meier curves for overall survival regarding high (>2.2) versus low (≤2.2) derived neutrophil to lymphocyte ratio (p=0.001).
Discussion
The results of our study were similar to the existing literature and we also demonstrated that increasing pretreatment NLR was associated with decreased overall survival after adjustment of known prognostic factors like nodal status or T stage. There are some limitations in our study. First of all, this is a retrospective study from one single institution, and total number of included patients is relatively small. Second, we did not have a chance to consider medical conditions that may affect the host's immune condition, because of insufficient data. And also it is possible that elevated NLR levels might have confounded by some unmeasured co-variates.
Pre-treatment elevated NLR was first described by Walsh et al. (2005) as a useful prognostic indicator in CRC. After that, emerging evidences from several studies have pointed out that NLR has a prognostic value in patients with pancreatic (Aliustaoglu et al., 2010) , breast (Azab et al., 2012) , lung (Kaya et al., 2013; Unal et al., 2013) and gastric (Jung et al., 2011) cancers. Recent literature has relatively fewer papers that focused on the significance of the pre-treatment NLR in CRC. But due to variance in the patient population, methodology and study design there is no homogenization on these studies. The cut-off value of our study was 2.2 while previous other studies have chosen 3 (Malietzis et al., 2013) , 4 or 5 according to their methods. On the other hand some reports have studied different stages like we did, while others analyzed specific stage of patients in terms of survival analysis. Ding et al. (2010) studied only stage IIA patient; on the contrary Walsh et al. (2005) studied all Dukes stages patients. Additionally, Halazun et al. (2008) found that elevated NLR increases both risk of death and the risk of recurrence in patients who undergo surgery for CRC liver metastases. Furthermore Kishi et al. (2009) reported that NLR independently predicts survival in patients with liver metastasis of CRC treated with chemotherapy followed by resection or chemotherapy alone. Nonetheless, all of these studies emphasize that NLR has prognostic significance in cancer patients in terms of survival.
The prognosis of colorectal cancers is different even if they have the same stage of disease. Therefore, even after surgical resections and adjuvant chemotherapy for similar stages, some patients suffer from local recurrence and distant metastasis. That is why recent studies are focused on the other prognostic factors (including NLR), which may affect survival of CRC patients (Bolocan et al., 2012) . The increase of knowledge in the field of inflammatory response, which generated by tumor cells, has led to the identification of some alternations in prognosis of CRC patients (Absenger et al., 2013) .
The NLR, which is calculated by dividing absolute neutrophil count to absolute lymphocyte count, has been proposed as an easily reachable prognostic index of systemic inflammatory response in various diseases including colorectal cancer (Leitch et al., 2007) . Neutrophils and lymphocytes play different role in cancer related inflammatory response. Neutrophils are described to be main source of circulating angiogenetic and growth factors, which helps the tumor progression whereas lymphocytes dominate host immune response via cytotoxic cell death and cytokines production that inhibit proliferation of tumor cells (Ownby et al., 1983; Strieter et al., 2006) . Although these explanations, the meaning of elevated NLR remains unclear.
In conclusion, the present study identified that high pre-treatment NLR is a significant independent predictor 
